This study directly compared four patients who, to varying degrees, showed the characteristics of deep dyslexia, dysphasia and/or dysgraphia-i.e., they made semantic errors in oral reading, repetition and/or spelling to dictation. The "primary systems" hypothesis proposes that these different conditions result from severe impairment to a common phonological system, rather than damage to task-specific mechanisms (i.e. graphemephoneme conversion). By this view, deep dyslexic/dysphasic patients should show overlapping deficits but previous studies have not directly compared them. All four patients in the current study showed poor phonological production across different tasks, including repetition, reading aloud and spoken picture naming, in line with the primary systems hypothesis. They also showed severe deficits in tasks that required the manipulation of phonology, such as phoneme addition and deletion. Some of the characteristics of the deep syndromes -namely lexicality and imageability effects -were typically observed in all of the tasks, regardless of whether semantic errors occurred or not, suggesting that the patients' phonological deficits impacted on repetition, reading aloud and spelling to dictation in similar ways. Differences between the syndromes were accounted for by variation in other primary systems-particularly auditory processing. Deep dysphasic symptoms occurred when the impact of phonological input on spoken output was disrupted or reduced, either as a result of auditory/phonological impairment, or for patients with good phonological input analysis, when repetition was delayed. 'Deep' disorders of reading aloud, repetition and spelling can therefore be explained in terms of damage to interacting primary systems such as phonology, semantics and vision, with phonology playing a critical role.
Introduction
Deep dyslexia, deep dysphasia and deep dysgraphia (in reading aloud, repetition and spelling to dictation, respectively) have parallel features (e.g., Michel & Andreewsky, 1983; Morton & Patterson, 1980) : (1) very severe impairment of the affected task; (2) semantic errors (e.g., cloud → "sky", which are typically taken to be the defining symptom of each condition); (3) derivational (e.g., cloud → "cloudy") and phonological/visual real-word errors (cloud → "clown"); (4) very poor performance on nonwords; (5) imageability effects-i.e., considerably better performance on concrete words (e.g., WINTER, STREAM, KITCHEN) than abstract words (e.g., REALITY, MOTIVA- * Corresponding author at: Neuroscience and Aphasia Research Unit, School TION, ETIQUETTE). As these tasks involve a semi-predictable transformation from one code to another (e.g., orthography (O) to phonology (P) in reading aloud; auditory input (A) to phonological output (P) in repetition), the appearance of semantic errors is particularly striking. Classical accounts of deep dyslexia/dysphasia propose that each of these disorders is underpinned by severe impairment to a non-lexical route devoted to reading or repetition respectively, resulting in an inability to read/repeat nonwords. This is coupled with an additional impairment affecting the lexical contribution to reading/repetition, which results in semantic errors and substantial imageability effects (Michel & Andreewsky, 1983; Morton & Patterson, 1980; Nolan & Caramazza, 1982) . As the non-lexical deficit in these "dual route" accounts is specific to reading (i.e., a procedure for converting graphemes to phonemes) or repetition (i.e., a mechanism for converting incoming phonology to spoken output), there should be little overlap between deep dyslexia and dysphasia. Poor grapheme-phoneme conversion in deep dyslexia should not affect repetition. Sim-
